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Abstract— Multilevel Converters are known to have many 
advantages for electricity network applications. In particular 
Cascaded H-Bridge Converters are attractive because of their 
inherent modularity and scalability. Predictive control for power 
converters is advantageous as a result of its applicability to 
discrete system and fast response. In this paper a novel control 
technique, named Modulated Model Predictive Control, is 
introduced with the aim to increase the performance of Model 
Predictive Control. The proposed controller address a modulation 
scheme as part of the minimization process. The proposed control 
technique is described in detail, validated through simulation and 
experimental testing and compared with Dead-Beat and 
traditional Model Predictive Control. The results show the 
increased performance of the Modulated Model Predictive 
Control with respect to the classic Finite Control Set Model 
Predictive Control, in terms of current waveform THD. Moreover 
the proposed controller allows a multi-objective control, with 
respect to Dead-Beat Control that does not present this capability. 
 
Index Terms— Multilevel Converters; Predictive Control; 
Smart Grid. 
 
I. INTRODUCTION 
N the coming years the electricity networks of the world are 
likely to change as a result of the penetration of renewable 
energy sources (RES) and other Distributed Generation (DG) 
sources into their structure. Active networks are considered a 
viable option which may be applied to facilitate the use of 
distributed generation systems to produce energy, in particular 
RES, which are quickly growing as a result of initiatives to 
reduce carbon emissions. The active networks architecture 
employs an increased number of power input nodes that can 
enable the direct routing of electricity. To realize the nodes of 
the grid, new power electronic systems offer a promising 
solution to route the electrical energy and provide an interface 
for DG and renewable energy sources [1].  
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Multilevel converters have the capability to distribute 
voltage stress across several series-connected devices, reducing 
the voltage rating requirement of components, whilst producing 
high quality AC waveforms even if low device switching 
frequency is used, reducing filtering requirements. The high 
overall efficiency identifies multilevel converters as a very 
promising solution for use in the future electricity grids but 
more complex circuitry and control are required [2]. Different 
structures of multi-level converters are proposed in literature 
[3]. Amongst these, Cascade H-Bridge Converters (CHB) 
present many benefits including  a high level of modularity, as 
a result of their structure, and availability [3]; in addition, they 
are widely used in single-phase Photovoltaic inverters [4]–[8]  
or in neutral-connected three-phase power distribution systems 
[9]–[11]. In such scenarios, the control of power electronic 
converters represents one of the key technologies to enable 
enhanced capabilities, such as reverse power flow, fault ride-
through and robustness against grid anomalies whilst 
maintaining a power quality compliant with international grid 
codes.  
A. Control of power electronics converters 
Several control techniques have been studied and applied to 
three-phase converters in stationary [12] and synchronous [13] 
reference frames. The control of single-phase structures is also 
considered in neutral connected three-phase systems in natural, 
stationary and synchronous reference frames [14]. Moreover 
model based control techniques are frequently investigated for 
their fast transient response and harmonic rejection capability 
[15]–[17]. Dead-Beat Control (DBC) [18]–[20] is a well-known 
model based control technique providing a fast current tracking 
and an easy digital implementation. However, a modulator is 
needed to apply desired output voltage to the converter 
potentially resulting in a multi-loop control scheme to achieve 
multi-objective control. On the other hand, Model Predictive 
Control (MPC) has been widely proposed as a promising 
solution for the control of power converters [21]–[27], due to 
its  fast dynamic response, easy inclusion of nonlinearities, 
system constraint and ability to incorporate nested control loops 
in only one loop and the flexibility to include other system 
requirements in the controller. MPC may consider a continuous 
control set [15]; in this case a suitable modulation technique has 
to be included in the control system. Taking into account the 
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finite number of output states of a converter, the finite control 
set MPC [21]–[27] is usually considered because of its 
robustness and the absence of a modulator. However, the lack 
of a modulator is also one of the main drawbacks of finite 
control set MPC and the control can choose only among a 
limited number of converter output voltages vectors. This 
generates a larger ripple in the system waveforms which, in 
turn, requires an increased (and variable) switching frequency 
in comparison to other control solutions. Several modulation 
techniques for finite control set MPC are proposed in literature 
[28]–[35]. In [28]–[30] MPC current control is applied to a six-
phase inverter to feed an Asymmetrical Dual Three-Phase 
Induction Machine while in [31], [32], [35] a Predictive Direct 
Power Control is applied to a three-phase voltage source 
converter. Moreover [33], [34] describe a Predictive Direct 
Torque Control approach. In all those study cases, the duty 
cycles are calculated by solving an optimization problem. This 
approach determines the optimal control action in order to track 
the desired reference with minimal error but, multi-objective 
control becomes rather complex since it would require a 
solution for a multidimensional optimization problem to be 
derived. In order to overcome this limitation, a novel approach, 
named Modulated Model Predictive Control (M2PC), is 
presented in this paper. The proposed solution allows retention 
of all the advantages of MPC as multi-objective control 
strategy, but produces an increased performance in terms of 
power quality. M2PC has been tested and evaluated against 
DBC and the traditional MPC using the the 7-Level CHB 
shown in Fig.1. However, the proposed control technique can 
be also applied to any single phase and three phase converter 
topologies, by adapting it to the specific case. 
B. Converter Description 
The structure of a single-phase back-to-back conversion 
system, based on a cascaded architecture which encompasses 
all the aforementioned capabilities, is illustrated in Fig. 1. A 
series input filter L is included to enable power factor control at 
the grid and provide an acceptable attenuation of the current 
harmonics. Each bidirectional AC/DC/AC cell is composed of 
two H-bridges and a medium frequency isolated DC/DC 
converter as shown in Fig. 1. The converter is connected to the 
grid on side 1 and an RL load on side 2. The configuration is 
chosen in order to prove the control capability in different 
operating modes, with side 1 and side 2 utilizing independent 
control. In the proposed case study side 1 operates as an Active 
Rectifier while side 2 operates as inverter. However, the 
proposed control is also applicable to other converter topologies 
regardless of their function (e.g. Active Rectifiers, grid-
connected systems and, Solid State Transformers [11], [36]). 
While the control of the DC/DC converter has an independent 
dynamic with the goal of achieving the same voltage on both 
side of the converter (or scaled by the transformer turns ratio), 
the control of the AC/DC bidirectional converter is one of the 
key elements required to achieve an interconnection of DG into 
medium voltage networks. In this paper DBC, MPC and the 
proposed M2PC are implemented and tested in order to 
compare their performance. 
 
Fig. 1. Converter schematic (center) with detailed schematic of the single cell 
(bottom) and description of the switching patterns (top). 
II. DEAD-BEAT AND PREDICTIVE CONTROL 
In order to obtain a fair evaluation of the proposed control 
technique, the M2PC controller has been compared with two 
well-known model based control techniques, MPC and DBC 
controllers which are described in details in the paragraphs 
below. 
A. Dead-Beat Control 
Dead-Beat control [18]–[20]  is based on the prediction of the 
system response to a change in control variables in order to 
achieve (ideally) zero error in the next one, two or more 
sampling periods. The output of this control is an average value 
(i.e. continuous) and it is chosen by imposing the current value 
at the next sampling period equal to the desired reference. A 
modulator is needed to apply desired output voltage to the 
converter. Applying this control method, the current will follow 
the desired reference with zero error at the next sampling 
period. Looking at side 1 of the converter, the control law can 
be derived starting from the AC model shown in (1).  �ଵሺ�ሻ − ��ଵሺ�ሻ = ܮ��ଵሺ�ሻ�� − �௅�ଵሺ�ሻ                     ሺͳሻ 
Where rL is the winding resistance of the inductance L. In 
order to allow the implementation using a DSP, the model in 
(1) is discretized considering the generic sampling instant tk+Ts, 
where Ts is the sampling period.  In real control systems if the 
computational time, usually fixed at one sampling interval, is 
not taken into account, the control action would be performed 
with a delay of one sampling interval. To compensate for the 
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aforementioned delay, the two sample step prediction proposed 
in [19] is used, obtaining the following discrete model: �ଵሺ�� +Tsሻ − ��ଵሺ��+ Tsሻ = = ܮ �ଵሺ�� +ʹTsሻ − �ଵሺ��ሻʹTs − �௅�ଵሺ��+ ��ሻ                    ሺʹሻ 
Imposing the current i1 at the next sampling interval equal to 
the reference i1*, the control law is obtained as: ��ଵ∗ሺ�� + ��ሻ = �ଵሺ�� +��ሻ − ʹܮ�� [�ଵ∗ሺ�� + ʹ��ሻ − �ଵሺ��ሻ] +    + �௅�ଵ∗ሺ��+ ��ሻ                                        ሺ͵ሻ 
Similarly for side 2 of the converter the following control law 
is obtained: ��ଶሺ�ሻ = ܮ ��ଶሺ�ሻ�� + ��ଶሺ�ሻ                            ሺͶሻ ��ଶሺ�� + Tsሻ = ܮ �ଶሺ�� + ʹTsሻ − �ଶሺ��ሻʹTs + ��ଶ         ሺͷሻ��ଶ∗ሺ��+ ��ሻ = ʹܮ�� [�ଶ∗ሺ��+ ʹ��ሻ − �ଶሺ��ሻ] +  ��ଶ∗ሺ��+��ሻ  ሺ͸ሻ
The overall control scheme for the converter is shown in Fig. 
2. The aim of the method is to control the AC current in order 
to regulate the DC link voltages at the required reference and 
obtain the desired current on side 2 of the converter. The AC 
current reference is calculated on the basis of the active power 
reference P* and the reactive power reference Q*.  
 
Fig. 2. Dead-Beat Control block schemes: (a) side 1 and (b) side 2 of the 
AC/DC/AC converter. 
The angle and RMS value of the AC voltage, respectively θ 
and V1,RMS, are also needed to synchronize the current reference 
with the AC voltage supply and are obtained from a PLL [37]–
[39]. A Proportional Integral (PI) controller is required to 
regulate the total DC-Link voltage VDC1 at the desired reference 
VDC*. The Distributed Commutations Modulation (DCM) [40] 
technique with active DC-Link voltage balancing [41] is used 
to decrease the switching frequency of every single H-Bridge 
and, as a consequence, reduce the losses of the converter. The 
modulation technique allows the converter to switch only one 
leg of one H-Bridge at every sampling period, obtaining a total 
switching frequency of the CHB that is the half of the sampling 
frequency and an individual H-Bridge switching frequency of 
approximately one third of the total switching frequency for the 
considered 7-level converter. One issue with this modulation 
technique is that, because only adjacent vectors can be applied 
during one sampling interval, the transient response is slower 
with respect to a modulation scheme without this limitation. 
However, DCM is particularly suitable for high-power systems 
where the switching frequency is a critical factor and has to be 
minimized in order to reduce losses. The Dead-Beat control 
also requires the prediction of the supply voltage v1 from the 
previous period, as described in [42]. 
B. Model Predictive Control 
Model Predictive Control [21]–[27] is based, like the Dead-
Beat Control, on the prediction of the system response to a 
change in control variables in order to achieve a minimum error 
in the next one, two or more sampling periods. The output of 
this control is a discrete value that can be directly applied to 
control the converter and is chosen by minimizing a cost 
function that represents the error between the current and the 
desired reference. Applying MPC to control the AC current, the 
desired reference is tracked with minimum error at the next 
sampling period. Because the control directly applies one 
switching state for the whole sampling interval, it is necessary 
to acquire the measurements in the center of the sampling 
period in order to obtain the average supply current. This 
introduces a delay of 0.5Ts which must be compensated in the 
control. Starting from eq. (1), the model is discretized around 
the sampling instants tk+0.5Ts and tk+1.5Ts obtaining, for side 
1 of the converter the following expressions:          �ଵሺ�� +ͳ.ͷ��ሻ  =  (ͳ − ���௅ܮ ) �ଵሺ��+ Ͳ.ͷ��ሻ + +��ܮ [�ଵሺ��+ Ͳ.ͷ��ሻ − ��ଵሺ�� +Ͳ.ͷ��ሻ]          ሺ͹ሻ         �ଵሺ��+ ʹ.ͷ��ሻ  =  (ͳ − ���௅ܮ ) �ଵሺ�� +ͳ.ͷ��ሻ + +��ܮ [�ଵሺ��+ ͳ.ͷ��ሻ − ��ଵሺ�� +ͳ.ͷ��ሻ]          ሺͺሻ
The control action is calculated at the instant tk as if being at 
the instant tk+0.5Ts, where vC1(tk+0.5Ts) is the value of the 
converter voltage applied at the previous control step, 
considering that vC1(tk+0.5Ts) = vC1(tk). The goal is to choose 
between the possible voltage states which can be generated by 
the 7-level AC/DC converter, in order to minimize the 
following cost function � = |�ଵሺ�� + ʹ.ͷ��ሻ − �∗ଵሺ��+ ʹ.ͷ��ሻ|                ሺͻሻ 
Similarly for side 2 of the converter the following control law 
is obtained. 
IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS 
 
4 
�ଶሺ��+ ͳ.ͷ��ሻ  =  (ͳ − ���ܮ ) �ଶሺ�� + Ͳ.ͷ��ሻ + +��ܮ ��ଶሺ�� + Ͳ.ͷ��ሻ                              ሺͳͲሻ�ଶሺ��+ ʹ.ͷ��ሻ  =  (ͳ − ���ܮ ) �ଶሺ�� + ͳ.ͷ��ሻ ++��ܮ ��ଶሺ��+ ͳ.ͷ��ሻ                               ሺͳͳሻ � = |�ଶሺ�� +ʹ.ͷ��ሻ − �∗ଶሺ�� +ʹ.ͷ��ሻ|                ሺͳʹሻ 
The overall control scheme for the converter is shown in Fig. 
3 where the absence of a modulation scheme can be observed. 
The commutations are distributed amongst the H-Bridges in 
order to balance the capacitor voltages and only one leg of one 
H-Bridge is allowed to switch at every sampling period, 
obtaining a total switching frequency for the CHB that is the 
half of the sampling frequency. Clearly, as described for DCM 
modulator in DBC, such a solution represents a limitation in the 
control capability during transients. However, in high power 
applications where reduction of switching losses is particularly 
important, such solution has been considered as the best trade-
off between control performance and system requirements. 
Moreover, in MPC, the proposed switching pattern reduces the 
computational effort which is an important feature in predictive 
control design. The aim of the method is to control the AC 
current in order to regulate the DC link voltages at the required 
reference and obtain the desired current on side 2 of the 
converter. The AC current reference is calculated as described 
for Dead-Beat Control and the prediction of the supply voltage 
v1 from previous supply periods as described in [42]. 
 
Fig. 3. Model Predictive Control block scheme for side 1 (a) and side 2 (b) of 
the AC/DC/AC converter. 
III. MODULATED MODEL PREDICTIVE CONTROL 
Modulated Model Predictive Control (M2PC) includes a 
suitable modulation scheme in the cost function minimization 
of the MPC algorithm. To avoid increasing the complexity of 
the controller [35], [43], especially in the case of multi-
objective cost functions, M2PC is based on the evaluation of the 
cost function for a selected number of states. In this paper a 
modulation scheme particularly suitable for high power 
converters, and similar to the one used in DBC control is 
reproduced, maintaining the previously described limitations 
and advantages. Also in this case, at every sampling period, 
only one leg of one H-Bridge is allowed to switch obtaining a 
total switching frequency of the CHB that is the half of the 
sampling frequency. Moreover, as for MPC, the selected 
switching pattern helps to reduce the controller computational 
requirements. However, in the case of M2PC the switching 
times are calculated on the basis of the cost function values for 
the selected states, as described below. 
A. States selection 
Considering side 1 of the converter, at every sampling 
instant, two vectors are selected. The first vector vc1(1) applied 
to the converter is the same one applied at the end of the 
previous sampling interval: ��ଵሺଵሻሺ�� + ��ሻ = ��ଵሺଶሻሺ��ሻ                         ሺͳ͵ሻ 
For this vector the current prediction at the next sampling 
instant and the relative cost function are calculated as follows:                     �ଵሺଵሻሺ�� + ʹ��ሻ  =  �ଵሺ��ሻ− ʹ���௅ܮ �ଵሺ��ሻ+                   +ʹ��ܮ [�ଵሺ�� +��ሻ − ��ଵሺଵሻሺ�� + ��ሻ]               ሺͳͶሻ � ሺଵሻ = |�ଵሺଵሻሺ��+ ʹ��ሻ − �∗ଵሺ�� +ʹ��ሻ|               ሺͳͷሻ 
The second vector vc1(2) is chosen between the two vectors 
adjacent to vc1(1), on the basis of the current predictions, 
selecting the vector that minimize the cost function value:                       �ଵሺଶሻሺ��+ʹ��ሻ  =  �ଵሺ��ሻ − ʹ���௅ܮ �ଵሺ��ሻ ++ʹ��ܮ [�ଵሺ�� +��ሻ − ��ଵሺଶሻሺ�� + ��ሻ]               ሺͳ͸ሻ � ሺଶሻ = |�ଵሺଶሻሺ��+ ʹ��ሻ − �∗ଵሺ�� +ʹ��ሻ|               ሺͳ͹ሻ 
The selection of the second vector has two major advantages: 
it reduces the complexity of the controller and reduces the 
device switching frequency. In fact, the next H-Bridge to switch 
is selected on the basis of the principles of the DCM modulator 
[40], [41], making the control suitable for high power 
applications. Similarly, for side 2 of the converter, two vectors 
are selected. The first vector vc2(1) is the last one applied at the 
previous sampling interval. ��ଶሺଵሻሺ�� + ��ሻ = ��ଶሺଶሻሺ��ሻ                         ሺͳͺሻ 
While the cost function for vc2(1) is calculated as follows: �ଶሺଵሻሺ��+ʹ��ሻ  =  �ଶሺ��ሻ + ʹ���ܮ �ଶሺ��ሻ + ʹ��ܮ ��ଶሺଵሻሺ��+��ሻ ሺͳͻሻ �ሺଵሻ = |�ଶሺଵሻሺ��+ʹ��ሻ − �∗ଶሺ��+ʹ��ሻ|               ሺʹͲሻ
The second vector vc2(2) is chosen between the two vectors 
adjacent to vc2(1) selecting the vector that minimizes the cost 
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function value: �ଶሺଶሻሺ��+ʹ��ሻ  =  �ଶሺ��ሻ + ʹ���ܮ �ଶሺ��ሻ + ʹ��ܮ ��ଶሺଶሻሺ��+��ሻ ሺʹͳሻ �ሺଶሻ = |�ଶሺଶሻሺ��+ʹ��ሻ − �∗ଶሺ��+ʹ��ሻ|               ሺʹʹሻ 
B. State duty calculations 
For both sides of the converter, the switching times for the 
two vectors are calculated by solving the following linear 
system of equations: 
{  
  �ሺଵሻ = ܭ�ሺଵሻ         �ሺଶሻ = ܭ�ሺଶሻ         �ሺଵሻ + �ሺଶሻ = ��                                  ሺʹ͵ሻ 
Once the value of K is obtained from (23), the following 
expressions for switching times are obtained: �ሺଵሻ = �� �ሺଶሻ�ሺଵሻ +� ሺଶሻ                                  ሺʹͶሻ �ሺଶሻ = �� �ሺଵሻ�ሺଵሻ +� ሺଶሻ                                  ሺʹͷሻ 
The time calculation of equations (24) and (25) is a sub-
optimal solution based on empirical considerations of the 
current error related to the control. In fact in this case it is not 
possible to calculate the optimal value of t(1) and t(2) that 
minimize the cost function as done in previous work [28]–[35]. 
However it is possible to demonstrate that the current error for 
MPC is higher when compared to M2PC. In MPC the current 
error in one sampling interval is equal to  �ெ�� = �ሺଵሻ                                        ሺʹ͸ሻ 
while in M2PC the current error can be approximated as in the 
following, considering Ts<<1. �ெଶ�� ≅ �ሺଵሻ�ሺଵሻ + �ሺଶሻ�ሺଶሻʹ�� = �ሺଵሻ�ሺଶሻ�ሺଵሻ + �ሺଶሻ < � ሺଵሻ     ሺʹ͹ሻ 
The last expression in (27) is obtained substituting (24) and 
(25) in (27). It can be stated that �ெଶ�� < �ெ��                                 ሺʹͺሻ 
and the current error in M2PC is reduced with respect to MPC.  
C. Overall control scheme 
The overall control scheme for the converter is shown in Fig. 
4 where the modulation scheme is integrated into the controller 
as described above. The commutations are distributed amongst 
the three H-Bridge of each phase in order to balance the 
capacitor voltages and only one leg of one H-Bridge is allowed 
to switch at every sampling period, obtaining a total switching 
frequency for the CHB that is the half of the sampling 
frequency. The aim of the method is to control the AC current 
in order to regulate the DC link voltages at the required 
reference and obtain the desired current on side 2 of the 
converter. The AC current reference is calculated as described 
for DBC and MPC using a PLL. A prediction of the supply 
voltage is also required.  
 
Fig.4. Modulated Model Predictive Control block scheme for side 1 (a) and 
side 2 (b) of the AC/DC/AC converter. 
IV. SIMULATION RESULTS 
To validate the effectiveness of M2PC control, different 
simulations of the overall system are carried out in comparison 
with the results obtained with DBC and MPC control. The 
simulation parameters are shown in Table I. 
TABLE I.   
SIMULATION AND EXPERIMENTAL PARAMETERS 
Symbol Description Value Unit 
L Filter and Load inductance 11 [mH] 
rL Winding resistance 0.5
 [Ω] 
R Load resistance 30 [Ω] 
C Capacitance 3300 [µF] 
Ts Sampling Period 0.2 [ms] 
Fig. 5 shows the behavior of the three controllers on the grid-
connected side of the converter when a current step from 4A to 
7A is applied on the inverter side, while Fig. 6 shows the 
response of DBC, MPC and M2PC on the inverter side. The 
relatively slow response on the grid side to a current step on the 
inverter side is due to the presence of the PI controller, used to 
regulate the DC-Link voltages. The DBC controller tracks the 
reference with zero error while the MPC controller offers non-
zero current tracking, especially at low current. Moreover, the 
MPC controller has a variable switching frequency lower than 
the half of the sampling frequency. The M2PC controller shows 
a current tracking and a converter voltage of similar quality to 
the DBC and the switching frequency is kept constant at half of 
the sampling frequency. The main advantage is that, because of 
its nature, M2PC has a major flexibility and is still possible to 
obtain a multi-objective control using this technique. Fig. 7 
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shows a zoom of the currents in Fig. 6 to better appreciate the 
current transient performance. The transient of M2PC presents 
similar performance to DBC. MPC presents a lower overshoot 
but, as mentioned earlier, has a higher harmonic content. 
 
Fig. 5. DBC, MPC and M2PC performance on the grid-connected side when a 
current step from 4A to 7A is applied on the inverter side. 
 
Fig. 6. DBC, MPC and M2PC performance on the inverter side when a current 
step from 4A to 7A is applied on the inverter side. 
Fig. 8 shows the behavior of the three controllers on the grid-
connected side of the converter when a positive reactive power 
step, according to the power directions of Fig. 1, from 0 VAR 
to 200 VAR is applied at time instant 1.1s on the grid side. The 
DBC controller tracks the reference with zero error, but the step 
response is relatively slow compared to MPC and M2PC 
controllers that show a faster response. However, only M2PC 
maintains a superior current quality compared to MPC. Looking 
at the transient responses in the figures, M2PC generates a 
slightly larger oscillation on the converter voltage with respect 
to DBC and MPC. However, M2PC provides a faster current 
tracking than DBC with dynamic performances comparable 
with MPC. 
 
Fig.7. DBC, MPC and M2PC AC current zoom on the inverter side when a 
current step from 4A to 7A is applied on the inverter side. 
 
Fig. 8. DBC, MPC and M2PC performance on the grid-connected side when a 
reactive power step from 0 VAR to 200 VAR  is applied on the grid side. 
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V. EXPERIMENTAL RESULTS 
The proposed M2PC controller is experimentally validated in 
comparison with DBC and MPC controllers on the UNIFLEX-
PM  prototype [10], [11], shown in Fig. 9, and composed of 12 
fundamental cells each comprising 4 H-bridges and a medium 
frequency transformer. In the experimental tests of this paper, 
only the three highlighted cells in Fig. 9 are used to implement 
the configuration shown in Fig. 1. The control scheme for the 
converter is implemented on a Texas Instruments 6713 DSP 
interfaced to five custom FPGA boards. Control of the DC/DC 
isolation modules, comprising two H-bridges and the MF 
transformer, is implemented entirely using the FPGA with the 
aim to equalize the DC-link voltages on the two sides of the 
converter [44]. Tests are performed using the same parameters 
shown in Table 1, and a supply voltage of 190V rms. Fig. 10 
shows the converter voltages and currents for the three 
controllers on the grid-connected side of the AC/DC/AC 
converter. Fig. 11 also shows the converter voltages and 
currents for the three controllers on the inverter side of the back-
to-back converter.  
 
 
Fig. 9. UNIFLEX-PM power converter in place for low voltage testing: (a) 
complete 12-cell setup for 3-phase 3-port operation, (b) highlighted cells used 
for single-phase 2-port operation. 
In Figs. 10 and 11, it is possible to observe the similar 
performances of DBC and M2PC and that a constant switching 
frequency of 2.5kHz is maintained. MPC produces a reduced 
switching frequency of around 1.5kHz. This effect, in addition 
to the absence of PWM technique, produces poorer 
performance for MPC compared to DBC and M2PC, in terms of 
current THD, as shown in Fig. 12. In fact, looking at the current 
harmonic content, DBC and M2PC have a similar spectrum 
where the harmonics of higher amplitude are located around the 
switching frequency, resulting in a THD around 2.5% for DBC 
on both sides of the converter. M2PC produces a higher THD of 
3.1% on the grid-connected side because the reference value for 
the DC-Link voltages is used instead of the measured value to 
simplify the cost function minimization. In fact if, the measured 
DC-Link voltages were to be used, the cost function of M2PC 
would have to be evaluated not only for any applicable voltage 
level, but for any single H-Bridge cell, increasing the 
computational effort. The use of the measured DC-Link 
voltages in the cost function may result in achieving the same 
performance as DBC: however, the demonstration of such a 
feature needs further investigation. On the other hand, MPC 
harmonics are spread across the frequencies below 2.5kHz; in 
addition, the absence of a modulator, produces an increased 
THD, equal to 9% on side 1 and to 7% on side 2. 
 
Fig. 10. DBC, MPC and M2PC controllers steady state operation on the grid-
connected side of the converter. 
 
Fig. 11. DBC, MPC and M2PC steady state operation on the inverter side of 
the converter. 
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Fig. 12. DBC, MPC and M2PC controllers current harmonic content:           
(a) Side 1 (b) Side 2. 
VI. CONCLUSIONS 
In this paper, a novel model based control technique named 
M2PC is presented and applied to a 7-Level CHB back-to-back 
converter; the proposed control is compared and contrasted to 
two well-known model based control techniques, respectively 
Dead-Beat and Model Predictive control. DBC is based on an 
optimal discrete time control law and requires an external 
modulator. However a multi-objective control approach is not 
possible given the nature of the technique. On the other hand 
MPC is based on an online cost function minimization and, 
according to the target parameters included, it is possible to 
achieve a multi-objective control. However, considering a finite 
control set, MPC applies only one voltage vector in each 
sampling interval, resulting in a variable switching frequency 
lower than the sampling frequency. M2PC combines the main 
advantage of a MPC control, i.e. the ability to obtain a multi-
objective control, and the good performance of a DBC 
maintaining a switching frequency which is constant and equal 
to half of the sampling frequency. In fact M2PC includes, in the 
minimization algorithm, a PWM technique based on the value 
of the cost function for different states of the converter. The 
switching times are calculated using an empirical solution 
based on the value of the cost functions for two adjacent states 
providing a sub-optimal solution to the minimization problem. 
The proposed technique is validated through simulation and 
experimental testing in comparison with DBC and MPC. The 
obtained results show a similar behavior for DBC and M2PC 
controllers with a fast dynamic and a low current THD for a 2.5 
kHz composite switching frequency, while MPC produces the 
worst performances compared with the other two techniques. In 
conclusion, M2PC produces similar performances to DBC and 
introduces the ability to perform a multi-objective control; for 
example, by including the DC-Link voltage control in the cost 
function, it is possible to obtain a current and DC-Link voltage 
control without compromising the overall performance of the 
system. This latter capability will be the subject of future 
research. 
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